Goldstar) seeds were bombarded with gold particles coated with plasmid pSAG-734 carrying a chimeric gene that encodes /J-glucuronidase under the control of the canavalin gene promoter. The organ-and maturation stage-specific expression of the construct was observed histochemically in seeds of transgenic plants.
Culturing of plant tissues in vitro and recombinant DNA technology have been exploited for the introduction of foreign genes into plant cells and tissues. Stable transformation of plants has been achieved by several DNA-transfer techniques. In many legumes, however, the application of gene-transfer techniques has been limited by the failure to regenerate plants from transformed cells (McCabe et al. 1988 , Christou et al. 1989 . For transformation of legumes, embryonic axes have been used as an alternative target tissue for particle bombardment (McCabe et al. 1988 , Yang 1993 , and parameters influencing the transient expression of a reporter gene in embryonic axes of legumes have been evaluated after gene delivery by particle bombardment (Aragao et al. 1993 , Hadi et al. 1996 . Particle bombardment of seed meristems has yielded transgenic leguminous plants (McCabe et al. 1988 , Christou et al. 1989 , Russell et al. 1993 .
Genes encoding seed storage proteins are attractive as potential sources for the improvement of the nutritive value of grain plants. Canavalin is a major seed protein of jackbean (Canavalia gladiata) and its synthesis and posttranslational processing occur in seeds during their development Minamikawa 1987, Yamauchi et al. 1988 ). The functional gene for canavalin seems to be single-copy gene that consists of five introns and six exons Abbreviations: Con A, concanavalin A; DAF, days after flowering; GUS, ^-glucuronidase; X-gluc, 5-bromo-4-chloro-3-/?indolyl-D-glucuronide. 1 To whom correspondence should be addressed. (Takei et al. 1989) , and the positive regulatory elements located in the upstream region of the gene have been described (Yamamoto et al. 1995) . We recently provided evidence that DNA-coated particles could be delivered into cells of the shoot apices of French bean seeds by particle bombardment (Kim and Minamikawa 1996) . Stable transformation was achieved using particle bombardment with plasmid pSOG-1016 carrying a chimeric gene that encodes GUS under the control of the promoter of Con A gene from jackbean. GUS activity was detected in the mature seeds of transgenic French bean plants, but the organ-specific expression in seeds at various developmental stages was not observed (Kim and Minamikawa 1996) . In the present communication, we describe the production of French bean plants transformed by particle bombardment using the promoter of the gene for canavalin from jackbean. Stable expression of the canavalin::GUS fusion was examined in transgenic seeds of French bean at maturation stages.
Plant materials and construction of the plasmid-Dry seeds of French bean (Phaseolus vulgaris L. cv. Goldstar) had been soaked in distilled water for 5 h. They were sterilized and the embryonic axes were excised from the cotyledons as described previously (Kim and Minamikawa 1996) . For transformation of French bean plants, pSAG-734 was generated by inserting restriction fragments from the genomic clone AC32 for canavalin into the polylinker region of the GUS vector pBI 101 (Yamamoto et al. 1995) . Plasmid pSAG-734 was propagated in Escherichia coli and isolated by the large-scale technique (Sambrook et al. 1989) . Particle bombardment was carried out under optimum conditions that have been described previously (Kim and Minamikawa 1996) .
Delivery of particles by bombardment-When dry seeds of French bean had been soaked in distilled water for 5 h, embryonic axes were easily dissected to produce sufficient quantities of tissue for bombardment experiments. In our previous study (Kim and Minamikawa 1996) , particles were detectable at a depth of 20-80 fim from the top of bombarded shoot apices by direct anatomic observation. Many particles were delivered into cells in shoot apices by the optimized protocol. Such meristematic tissues might be particularly suitable for particle bombardment and recovery of transgenic plants. In the present studies, the upper one-third of embryonic axes, including shoot apices was bombarded with particles coated with plasmid pSAG-734, which included the canavalin: :GUS gene construct, and transient expression of the reporter gene was analyzed 24 h after bombardment by a histochemical staining with X-gluc (Jefferson et al. 1987) . Tissues were incubated with the staining solution at 37°C for 12 h, and typical blue staining was detected only in the bombarded parts of the embryonic axes including shoot apices (Fig. ID) . This result provided evidence of the successful delivery of the plasmid DNA into cells in the bombarded region of the shoot apex. Blue staining was not observed in control embryonic axes or in the non-bombarded parts of embryonic axes that had been bombarded with pSAG-734-coated particles ( Fig. ID) .
Regeneration of plants-The bombarded embryonic axes were placed on various media (Sigma Chemical Co., St. Louis, MO, U.S.A.), MS (Murashige and Skoog's medium + 3% sucrose), N6 (Chu's N6 medium + 5% sucrose), B5 (Gamborg's B-5 medium + 2% sucrose) or AR (Anderson's Rhododendron medium), in the absence of plant hormones and kanamycin (Fig. 1A) . Kanamycin selection of transgenic shoot apices was found to be ineffective in organ cultures used for the induction of roots and shoots (Mc-Cabe et al. 1988 , Yang 1993 . After one week in culture, about 50% of embryonic axes remained viable on MS or N6 medium but the proportions of viable axes were lower on B5 and AR medium (Table 1) . During culture, embryonic axes died as a result of contamination by various microorganisms or of cell injury that was a consequence of particle bombardment. Viable embryonic axes that had germinated were subcultured on fresh medium at weekly intervals. After three weeks of culture, embryonic axes were recovered as plantlets with two or three leaves (Fig. IB) . Most viable embryonic axes regenerated plantlets on MS and N6 medium, but viable embryonic axes cultured on B5 and AR medium did not develop to plantlets. Plantlets were subjected to analysis by PCR, and the plantlets that were positive for pSAG-734 were transferred to pots that contained Lambert peat moss (Sakata Seed Co., Ltd., Yokohama, Japan). Table 1 summarizes the results of the transformation experiments from the bombardment of explants to regeneration of plantlets. The regenerated plantlets were gradually acclimatized to a growth chamber at 25°C and 70% humidity. The transferred plants flowered after six weeks in pots and produced mature seeds (Fig. 1C) . The time required for recovery of mature seeds was three months on average after bombardment.
Analysis of plantlets by PCR and Southern blotting-The leaves of plantlets were screened by PCR for the presence of the promoter of canavalin gene. The bombarded plantlets yielded a band of a product of 0.1 kb that was pre-sumably the result of insertion of the promoter, but this band was not detected in the case of plantlets from nonbombarded tissues ( Fig. 2A) . A total of 82 plantlets was tested by PCR and 44 plantlets gave positive results ( Table  2 ). The positive plantlets were transferred to soil for the regeneration of plants. The leaves of the regenerated plants were analyzed by Southern blot hybridization for the presence of pSAG-734 (Fig. 2B) . Total DNA, isolated from the leaves, was digested simultaneously with Xbal and EcoRl. pSAG-734 digested by Hindlll and EcoRl released the 2.7kb canavalin:.GUS fragment (Fig. 2B, lane P) . The presence of the GUS gene (2.0 kb) was detected in two regenerated plants (Fig. 2B, lanes 9 and 19) . Five transgenic plants were detected among 35 regenarated plants, as analyzed by Southern blotting ( Table 2 ). The transferred DNA of pSAG-734 was detected in a number of plantlets by PCR analysis but it was not detected by Southern blotting in most plants that had been regenerated in pots (Table 2) products obtained after direct amplification of the promoter of canavalin gene from a small piece of leaf from each plantlet. PCR was performed as described by Berthomieu and Meyer (1991) . Primer 1 used was 5'-CCACAAGCTTCTCTTCTACA-3' (-54 from the initiation site of transcription) and primer 2 was S'-GGTTATTAAAACATTGATCATTTGC-S' (+46 from the initiation site of transcription). After 45 cycles of PCR, the amplified samples were loaded directly onto a 1.5% agarose gel for electrophoresis. Lane P, pSAG-734; lane N, non-transformed plantlet; lanes 1-9 (Experiment 2) and 10-22 (Experiment 4), plantlets produced independently from bombarded embryonic axes. (B) Southern blot analysis of the regenerated plants. Total DNA was isolated from three young leaves of each regenerated plant by the cetyltrimethylammonium bromide method (Rogers and Bendich 1985) . The isolated DNA was digested with Xbal and Hindlll in the buffers recommended by the manufacturer of the enzymes (Takara-shuzo Co., Ltd., Kyoto, Japan). The DNA (30/Ug) was fractionated by electrophoresis on 1.0% agarose gels, and the bands on gels were blotted onto nylon membranes (Amersham Life Sciences, Buckinghamshire, U.K.; Southern 1975) . The 32 P-dCTP-labeled canavalin::GUS construct (2.7 kb) from pSAG-734 was used as the probe. Hybridization was allowed to process overnight at 65°C in 50% formamide and the washed membranes were exposed to X-ray film under intensifying screens at -70°C for two days. Lane P, pSAG-734 digested with Hindlll and £coRI (2.7 kb); lane N, non-transformed plant; lanes 4-22, plants regenerated from plantlets that gave positive results in the analysis by PCR. Table 2 ). 6 All the seeds formed by each transgenic plant were tested for GUS activity. c Staining was detected in the cotyledons and seed coats.
This result might be due to the possibility that PCR, but not Southern blotting, detected contaminating DNA. Stable transformation must be stringently defined by molecular analysis, such as Southern blotting, to confirm integration of a foreign gene and the phenotypic expression of the integrated reporter genes (Potrykus 1990) .
Expression of GUS in seeds of transgenic plants-The pattern of staining for GUS activity in seeds of plants that had been transformed with pSAG-734 was examined histochemically with X-gluc. Seeds of the regenerated plants were hand-sectioned and incubated with the staining solution at 37°C for 12 h to detect the expression of GUS (Kim and Minamikawa 1996) . Figure IE shows the results of staining for GUS activity in cross sections of seeds and pods of regenerated plants. The seeds obtained from five transformants were used for studies of GUS expression. GUS activity was detected in maturing seeds harvested from transgenic plants but not in those from non-transgenic plants (Fig. IE) . The expression of GUS was detected in 40 of 54 seeds collected from the five transgenic plants analyzed (Table 3 ). The final frequency of transformation by particle bombardment was about 2% in terms of viable embryonic axes (Table 1, 3) . This frequency of transformation is within the range obtained for papaya (Fitch et al. 1990 ), barley (Ritala et al. 1994 ) and soybean (McCabe et al. 1988 , Christou et al. 1989 ) transformants that were recovered from transformed meristems.
In transgenic plants, strong GUS activity was detected in the cotyledons and seed coats but not in the pods (Fig. IE) . No GUS activity was detected in the leaves, roots and stems of the transgenic plants (data not shown). The intensity of GUS staining of transgenic seeds appeared higher in the seed coats than in the cotyledons (Fig. IF) . These results suggested the organ-specific expression of pSAG-734. The pattern of GUS expression in transgenic seeds at different developmental stages was also analyzed (Fig. 1G) .
GUS activity was observed in the mature seeds of transgenic plants but not in the young seeds or in non-transgenic seeds. The timing of the expression of pSAG-734 in seeds of the transgenic French bean plants was consistent with that of the canavalin gene in jackbean plants (Yamauchi and Minamikawa 1987) . As judged from the intensity of staining in the transgenic French bean plants, the canavalin:: GUS fusion was expressed at a higher level than an earlier Con A::GUS fusion (Kim and Minamikawa 1996) . This result reflects the difference in levels of canavalin and Con A that were synthesized in transformed tobacco seeds (Yamamoto et al. 1995) . Such a difference in the level of expression between two related genes was also observed with genes for phaseolin and phytohemagglutinin from French bean (Riggs et al. 1989 ).
